Oil fields of Venezuela (figs. 1-9) produced an average of 2,327,992 barrels per day in the first six months of 1979 and had produced a total of 35,594,384,239 barrels to July 1 of that year; estimated proved reserves were 17,870 million barrels (Oil and Gas Journal, Dec. 31, 1979) .
In addition, four fields^-produce gas alone, which is piped to Caracas and Valencia for industrial and domestic uses. Of the gas (38 billion cubic meters in 1977) that is produced in association with the oil, 56 percent was being returned to the producing formations, 36 percent was being used in field operations and for domestic consumption, and 8 percent was being flared.
Surface seeps of oil and asphalt, on the waters and the shores of Lake Maracaibo in the west, and at Guanoco in the far east of northern Venezuela, were known and used by the natives, the conquistadores, and
Caribbean pirates-for water-proofing baskets, for medicinal and lighting purposes, and for caulking ships. The seep at Guanoco was being mined by the New York and Bermudez Asphalt Company for paving material for export prior to development in 1914 of Mene Grande, the first commercial subsurface oil-producing field, by Shell Oil Company.
1Locations of only two gas fields are shown In figure 1 ; locations of the other two are not known to the writer.
Venezuela has 37 giant oil fields (100 million barrels or greater), distributed widely over the northern region of the country ( fig. 2 ).
Production is from sedimentary rocks of Cretaceous to Pliocene age and from basement rocks that are overlain by Cretaceous formations (figs.
3-9). The major proportion of the sedimentary rock section is made up of shales and sandstones although there are widespread and important limestones in the Cretaceous. The thickness of the sedimentary section is more than 24,000 feet in eastern Venezuela and is more than 30,000 feet in western Venezuela. Producing formations are principally sandstone but also include limestone and sandy limestone-especially in the Cretaceous.
The basement rocks are deeply weathered, fractured granites and gneisses.
Oil entrapment in Venezuelan oilfields is attributable to stratigraphic conditions, including both shale-sandstone facies changes and pinchouts at unconformities, and to structural conditions, including closed folds and flexures in which faulting contributes to the closure of reservoir beds. Cretaceous fields are predominantly controlled by structure, Eocene fields by combined structural and stratigraphic conditions, and Miocene fields predominantly by stratigraphic conditions.
Sources of the oils produced are shales and limestones in contact with the reservoirs; migration has probably been minimal. The oils produced from basement rocks have their source in the overlying Cretaceous formations; those in the freshwater Oligocene-Miocene sandstones of the Maracaibo Basin are derived from the subjacent Eocene formations, and oil produced from freshwater Pliocene sandstone of the giant Quiriquire Field of eastern Venezuela had its source in the tilted and faulted Cretaceous and Miocene beds over which the sandstone was deposited.
Evidence for the indigenous origin of the oils is in the wide range of their gravities from formation to formation (Table 1) and from place to place within formations of the same age. The Cariaco Basin is bounded by the eastern arms of the Cordillera de la Costa, the Isla de Tortuga, and islands of the Nueva Esparta group.
The Bonaire Basin appears to be an extension of the Falcon Basin.
Martinez (1966, 1972 and 1976b) has estimated that in all of Venezuela there are 1,381,000 cubic kilometers of sediments that contain (discovered?) reserves of 69,200 million barrels of oil and undiscovered reserves of 23,757 million barrels of oil (Table 2) . In northern Guarico, similar deposits make up the Tememure Formation.
Early Eocene formations are present also on the Isla Margarita, in Sucre In western Venezuela, the early Eocene shaly Trujillo (lower Misoa) beds were succeeded by hard, quartzitic, light-gray to brownishgray medium to coarse-grained, thick-bedded to massive sandstone beds.
Locally, these are conglomeratic and, in other areas, the lower parts contain subordinate amounts of fine to medium, gray and dark-gray micaceous, carbonaceous laminae and are in places flaggy and ripplemarked. These At the former, the lower Eocene Trujillo Formation is made up of thinbedded, dark shale and shaly sandstone interbedded with gray and pink quartzitic sandstone, dark blue-gray, to dark-gray to black, locally micaceous and carbonaceous shale, and subordinate gray and brown sandstone.
It is overlain by the middle Eocene Misoa Formation, which is sandier overall, being made up of alternating beds of hard, coarse, white to dark-brown sandstone and brown to black, hard, platy shale, quartzitic light-gray to brownish-gray, medium-to coarse-grained, and locally con- 
PROPERTIES OF CRUDES
The oils tend to be heavy and high in sulfur. In general, those in older, deeper formations and those in areas that had been subjected to higher intensities of structural activity are higher in gravity than the oils in the youngest, least disturbed beds; however, their characters vary widely from formation to formation and from place to place within the same or equivalent formations. In the Maracaibo Basin, gravity of Cretaceous oil ranges from 13° API to 43.5° API; in Falcon, the range is and 40 millidarcies (Petroconsultants, 1977) . The prolific production from this apparently dense limestone is attributed to the great thickness of section, the vuggy and fractured nature of it, and the great size of the folded structure that La Paz shares with the Mara oil field. The structure, which may have as much as 4000 feet (1360 m) of closure, is a faulted anticline that trends northeast is asymmetric with the northwest flank the steeper, and is complexly faulted. Reservoir pressures were such as might be expected with an active water drive (4900-5000 p.s.i.
at 11,000 ft.), and initially recoverable reserves are estimated to have been 950,000,000 barrels (Petroconsultants, 1977) . The developed area is 30,665 acres in which some 190 wells have been drilled.
The Mene Grande field, discovered in 1914 by the Caribbean Petroleum
Company, a subsidiary of Shell, was the first commercial field discovery of Venezuela. By July 1, 1979, it had produced 603,198,336 barrels of oil (Auldridge, 1979 ) from a developed area of 11,000 acres and 774 wells. active in Miocene pay formations of the west fault block but is not active In the east block (Staff, Caribbean Oil Co., 1948) .
The oils at Mene Grande appear to have originated in the Eocene formations and to have migrated in part across the Eocene-Miocene unconformity into the productive Miocene formations that are not marine and are low in organic content.
Eastern Venezuela
In eastern Venezuela, fields of the Anaco Group are controlled both by structural and by stratigraphic conditions. Santa Ana, the first found of the seven fields, was discovered in 1937. Production from all fields of the group-Toco, San Joaquin, Guario, Santa Rosa, El Roble, San Roque and Santa Ana-totaled more than 399,100,000 barrels as of
July 1, (Auldridge, 1979 . More than 500 wells have been drilled in this area, which is 66 km long and 14 km wide.
The major proportion of the oil produced in the Anaco fields is from sandy zones of the Miocene Oficlna Formation, which ranges in thickness between 6,900 and 10,000 feet ( Eighteen pay zones were found in the Oficina section and two in the Periquito section in the San Joaquln field. Sixteen Oficina pays and one Periquito pay were reported at Santa Rosa (Preconsultants, 1977) .
Contrary to the condition noted in several Maracaibo Basin fields, gravities of the oils In the Anaco Group are higher (40.5° to 47° API) in the younger Oficina than in the Periquito (33° API-34.6° API). The oils are paraffinic; gas caps were present, at least in part; and reserves include a large proportion; of 47°-60° API gravity condensate. Edgewater was reported at El Toco, but it is assumed that gas has provided the drive in most of the fields.
Finally, mention must be made of the Orinoco petroliferous belt, which has been variously reported to have reserves of 700 billion (Giitierrez, 1976) , 1050 billion (Demaison, 1978) , and as much as 3 trillion barrels (Volkenborn, 1979) . The belt has been described as a banana-shaped region in the Maturin Four extensive highs-Gorin-Machete, Altamire-Sualta-Iguana, HamacaSanta Clara, and Cerro Negro are deemed to hold the largest reserves.
Accumulations of oil have been influenced both by folded structure and faulting in this region where regional dip is to the north at 2° to 4°.
Depths to the oil-bearing sands are 1,100 to 3,100 feet (330 m to 940 m). well produced 80 barrels per day, naturally, and some gas. The crudes of the belt are very low in gasoline and diesel fuel content, contain 2 to 5 percent sulfur, and 200 to more than 500 ppm vanadium and nickel. Nevertheless, plans to determine the extent of occurrence and the volumes contained in the Orinoco heavy oil belt and to attain production of 1 million barrels per day by the year 2,000 were announced in 1979 by Petroleos de Venezuela (Borregales, 1979) .
GEOLOGICAL OBSERVATIONS AND CONCLUSIONS
Four geologic conditions guide considerations of ultimate reserves 30 and the prospects for finding new areas productive of oil in Venezuela.
These are: 1) the highly variable nature, both vertically and horizontally, of the sedimentary facies; 2) the widespread presence of great volumes of oil; 3) the great thicknesses of sediments; and 4) the complicated late Eocene to middle Oligocene folding and faulting that resulted in both stratigraphic and structural unconformity between Eocene and Oligocene to Pliocene formations and, consequently, in a complexity of structural conditions of Eocene and older rocks that is not revealed in the younger, shallower ones. All these conditions are highly encouraging of a belief that more oil remains to be found, both in the old producing areas and in
some not-yet-tested ones.
New prospects for oil fields and pools exist in the presently pro- A late start at commercial development of the basin and generally small sizes of accumulations appear to have retarded exploration; therefore, much is still to be done. In addition, an estimate of 140,000,000 barrels of initially recoverable oil in the Eocene and Cretaceous in the Silvestre field of the Barinas Basin (Petroconsultants, 1977) should stimulate interest in looking further. Elsewhere in the presently producing areas, the Cretaceous is well enough known to discourage prediction of major new discoveries.
New Eocene oil-producing areas may remain to be found in stratigraphic and structural traps in the eastern and northern region of Lake Maracaibo, in the Falcon basin where depths to the Eocene also have been discouraging to early prospecting, and in the late-developing Barinas Basin. Optimism is spurred by recent events, including a flow of 4445 barrels per day from lower Eocene sands at 16,000 feet in the Ceuta Field under Lake
Maracaibo. Reserves are estimated at 90 to 500 million barrels by Meneven's president (Journal of Commerce, Nov. 27, 1979) . Otherwise, the course of prospecting in the presently producing basins will be marked by increasingly intensive exploration of increasingly smaller areas for increasingly smaller pools. Structural and stratigraphic traps in Miocene and younger rocks are likely to be small because these formations, being the shallowest, are already the best explored.
Overall, the best prospects for new large oil fields are areas that are wholly or largely under waters in the Gulf of Venezuela, and the Gulf de la Vela, the Bonaire and the Cariaco Basins, and in the Orinoco Delta onshore and offshore. These areas were covered by the same seas in which the presently producing formations were deposited, and they have remained for the most part untested simply because of the availability of oil in areas that were less expensive to explore and to develop. Discoveries in 1979 of oil in the Gulf de la Vela and of gas 25 miles north of the Peninsula de Paria are very encouraging.
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The well in the Gulf de la Vela had an initial "flow of 2,000 barrels per day from the deepest of three zones at a depth of 7,900 feet (2,400 m) (U.S. Embassy, Caracas, unpub. data, 29 May 1979) . Caution in predicting ultimate productivity here is imposed by the fact that other, older tests have been drilled in this region of complex structural conditions.
In those, oil was reported in both Miocene and Cretaceous formations.
The gas discovery in the Gulf of Paria comprises four structural areas, which were reported (U.S. Embassy, Caracas, unpub. data, 9 May 1979) to have a combined total potential to produce 90 million cubic feet per day. Reported total depth is 13,600 feet (4,120 m).
